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Introduction

The advent of smart electricity meters brought
standardized advanced metering infrastructure (AMI)
to facilitate basic requirements for installation,
metering, maintenance, privacy, and security. As
shown in Figure 1, the AMI has five communication
ports Pg-Pg4, of which ports P4 and P3 are critical.

Port P1 (also called user port) provides interface
with the end consumer and is designed for in-house
communication to provide real-time data for further
analysis via Other Services Module (OSM) such as
in-home displays. P1 is a read-only interface. Port
P3 supports two-way communication and acts as
interface to an external communications module.
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Figure 1. lllustration of Smart Metering
Infrastructure

The ports P4 and P53 includes both power and

data lines, and should be designed in such a

way that they do not interfere with the metrology

of the electricity meter under any external faults.
These two ports should comply to safety protection
requirements as per IEC 60747-5-5, and Dutch P1
Companion standards. eFuses in Smart Electricity
Meters Application Brief highlights how the protection
functions of Tl eFuse and power MUX devices
safeguard Port P5 of the electricity meter from an

external communication module malfunction or faults.

This article addresses the protection solution for the
user port P4.

Port P1 Protection Requirements

The port P4 provides galvanically isolated power to
OSM on +5 V rail with maximum continuous current

IL cont Of 250 mA. The protection requirements on +5
V power supply line at port P4 side are

» Overload protection should trigger for currents
above I conT + 10 mA (for example, 260 mA) but
within IL_MAX <=30 OmA

«  Short-circuit protection

» Overvoltage protection from external overvoltage
> 5.9V, caused by or a failure at OSM side or
by an incorrect connection. Similarly, OSM device
should be protected from an overvoltage caused
by a failure at metering system side, and should
limit the voltages to less than 15 V.

» For sustained overload or short-circuit faults,
current should fold back to maximum of 50 mA
to reduce system operating temperatures and to
avoid any harmful effects. The fold back current
profile is illustrated in Figure 2

Implementing all these protection features could result
in a large discrete circuit. In addition, realizing the
foldback current limiting can be tricky to implement

as it needs a means to detect overload and then
adjust the current limit reference. All these discretes
occupies significant board space and could not be
possible to accommodate in a space constraint smart
meter.
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Figure 2. Fold Back Current Limiting
Characteristics
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Solution with TPS2662 eFuse

To meet all of the protection requirements for port P1,
an eFuse such as the TPS2662, can be used. It offers
a current limit which can be adjustable from 25 mA to

880 mA, reverse current blocking and programmable

overvoltage protection. Figure 3 shows the application
schematic circuit of TPS2662 eFuse positioned on the
+5 V power supply rail path for port P4 protection.

» The overvoltage protection (set at OVP pin
of TPS2662) helps to protect OSM against
overvoltages from the metering system side

+ The integrated reverse current blocking feature of
TPS2662 helps to block the external overvoltages
from port P4 (for example, OSM side) reaching +5
V power supply

» The overload current limit |, can be set by the
current limit resistor Ry at the ILIM pin using
the expression Ig. = 6.636 / R ). This also sets
short-circuit protection threshold at 1.6x lg,
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Figure 3. Application Schematic of TPS2662 eFuse
with Fold Back Current Limiting

To implement the fold back current limit function,
different ILIM resistors can be used to fold back the
current to a lower level. External mosfets can be used
to switch these different resistors as shown in Figure
3 and described in the following:

+ In steady-state operation, the FLT output of
TPS2662 stays HIGH. This sets current limit value
corresponding to the current limit resistance of Rs
|| R for example, 260 mA.

+ During fault, the FLT asserts LOW and the current
limit gets reduced to 25 mA corresponding to
current limit resistor Rs.

* Current limit resistor R; helps to set higher current
during startup to support load startup load.

Test Results

Figure 4 and Figure 5 shows the fold back current
limiting behavior of TPS2662 for overload and short-
circuit events. As shown, the current is limited to 25
mA for sustained faults at the port P4.
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Figure 4. Fold Back Current Response during
Overload Event
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Figure 5. Fold Back Current Response during
Short-Circuit Event

At the startup, FLT stays LOW till the internal FET

of TPS2662 is fully enhanced. This keeps the current
limit at fold back value of 25 mA (set by Rs). So, any
startup load current >25 mA makes the system fail to
startup as shown in Figure 6. To overcome the startup
concern, the current limit during startup is enhanced
momentarily for a brief period of around 50 ms using a
control signal from the system microcontroller (MCU).
As illustrated in Figure 3, the switch Q; is controlled
to increase the current limit during startup to a

value corresponding to the resistance Rs || R7. The
corresponding startup waveform with typical startup
load (100 uF || 50 Q) of other services module (OSM)
is shown in Figure 7.
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Figure 6. Startup Failure due to Reduced Current
Limit with Fold Back Feature

Conclusion

The port P4 in smart meter acts as interface with

the end consumer and hence demands stringent
protection to avoid influencing the metering system

as well as protecting the OSM (Other Service Module)
devices such as in-house displays. The full suite of
protection features from TPS2662 eFuse along with
the fold back current limiting approach presented

in this article makes it a suitable solution for the
protection of P4 ports in smart meters.

Figure 7. Successful Startup with a Reset Signal
from MCU

References

1. Texas Instruments, eFuses in Smart Electricity
Meters, application brief.

2. Texas Instruments, TPS2662x 60-V, 800-mA
Industrial eFuse with Integrated Input and Output
Reverse Polarity Protection, data sheet.

3. Dutch Smart Meter Requirements, P17 Companion
Standard, 2016.

SLVAF94 — JUNE 2022
Submit Document Feedback

Fold Back Current Limiting on User Ports of Smart Meters 3

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com/lit/pdf/slvaez3
https://www.ti.com/lit/pdf/slvaez3
https://www.ti.com/lit/pdf/SLVSDT4
https://www.ti.com/lit/pdf/SLVSDT4
https://www.ti.com/lit/pdf/SLVSDT4
https://www.netbeheernederland.nl/_upload/Files/Slimme_meter_15_a727fce1f1.pdf
https://www.netbeheernederland.nl/_upload/Files/Slimme_meter_15_a727fce1f1.pdf
https://www.ti.com
https://www.ti.com/lit/pdf/SLVAF94
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVAF94&partnum=TPS2662

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	1 Application Brief

